Transforming growth factor alpha (TGF a) is a polypeptide, which binds to the epidermal growth factor receptor to carry out its function related to cell proliferation and differentiation. The ultrastructural localisation of TGF a was studied in both the proximal and the distal colon. The columnar cells, lining the surface epithelium of the proximal colon, showed a strong immunoreactivity in the polyribosomes and in the interdigitations of the lateral membrane. The columnar cells of the crypts and the goblet cells in both the proximal and the distal colon showed the immunostaining in the cis and trans cisternae of the Golgi apparatus. TGF a seems to be processed differently in the surface columnar cells and in the crypt columnar cells and goblet cells. Moreover, it probably has different roles in proliferation and differentiation. Up to now, a morphological study of the subcellular localisation of TGF at and its secretion has been lacking. To consider this issue, we studied the ultrastructural distribution of TGF a protein in normal rat colon, based on our previous study at the light microscopy level.'5 Our results support a possible role for TGF ao in the modulation of proliferation and differentiation of the intestinal epithelium.
ultrastructural localisation of TGF a was studied in both the proximal and the distal colon. The columnar cells, lining the surface epithelium of the proximal colon, showed a strong immunoreactivity in the polyribosomes and in the interdigitations of the lateral membrane. The columnar cells of the crypts and the goblet cells in both the proximal and the distal colon showed the immunostaining in the cis and trans cisternae of the Golgi apparatus. TGF a seems to be processed differently in the surface columnar cells and in the crypt columnar cells and goblet cells. Moreover, it probably has different roles in proliferation and differentiation. in the web region. A Golgi complex, small clear vesicles, and abundant mitochondria were seen in the supranuclear region. Both smooth and rough endoplasmic reticulum could also be seen through the cytoplasm. The nucleus was located in the basal third of the cell.
Positive staining with the anti-TGF a antibody was seen in the columnar cells of the proximal colon and the strongest reaction confined to the cytoplasm (Fig 1) , was regularly associated with polyribosomes (Fig 2) . Nuclei, mitocondria, smooth and rough endoplasmic reticulum, and small clear vesicles did not show any immunoreactivity. Positive immunoreactivity was also identified in the interdigitations of the lateral membranes (Fig 3) . Furthermore, hardly any immunoreactivity was seen on the microvilli of the columnar cells.
In the proximal colon, the crypts are longer than in other parts of the colon. staining with the anti-TGF a antibody in the cisternae of the Golgi apparatus (Fig 4) . We could not find any immunoreactivity in the cytoplasm.
In both the proximal and the distal colon, the goblet cells are characterised by mucous granules occupying the apical two thirds of the cell. The nucleus is located in the basal region of the cell and a Golgi complex is usually seen in the supranuclear region. The immunoreactivity was mainly located in the Golgi apparatus of both cis and trans cisternaes. The gold particles were confined to the cisternae membranes ( Figs 5 and 6 ). The mucous granules were also heavily labelled with gold particles (Fig 7) . 30 nmol of h=TGF a/h per mg of protein), and this may explain the absence of staining in the luminal surface. We also found, however, some label associated with the interdigitations of the lateral membrane in the surface and crypt columnar cells. In this case, TGF aL could be functioning as a type of receptor or interacting with the epidermal growth factor/TGF a receptor on a neighbouring cell, having a role that requires discrete cell-cell interactions, not compatible with release of the soluble factor. Many studies have been performed on the presence of epidermal growth factor/TGF a receptor in colon epithelium in the adult rodent. 24 Thus, the influence of TGF aL in the colonic mucosa may regulate the balance between proliferation and differentiation by means of binding to epidermal growth factor/TGF a receptor. 25 Goblet cells in the proximal and distal colon showed the immunoreactivity located in the Golgi apparatus and in the mucous granules. This suggests TGF ot must be secreted by goblet cells and also bind to epidermal growth N!*t^e ;. ; .+ ; > . factor/TGF ct receptor, present in colon epithelium, to induce its biological effects. A recent study reported the association of epidermal growth factor with other proteins in high molecular weight complexes in human milk.26 Like epidermal growth factor, TGF (x secreted in the mucous granules of the goblet cells could be associated with other glycoproteins to prevent its hydrolysation by endopeptidase 2. Therefore, columnar and goblet cells may make distinctive and unequal contributions to overall epithelial production of TGF a.
Discussion
The colonic epithelium is a rapidly proliferating organ that completely renews itself on a weekly basis.27 On the other hand, neoplasia of the normal colonic epithelium goes through ordered stages, first to adenomatous then to malignant change. Epidermal growth factor/ TGF ax receptor and TGF ot production have been individually detected in colon carcinomas and in numerous colon cancer cell lines.28 29 Coexpression of TGF ot and epidermal growth factor receptor and growth stimulation by TGF ox has also been shown in multiple colon cancer cell lines, and TGF ot has been proposed as an autocrine growth factor in colon cancer. Processing of pro TGF ot in neoplastic cells is generally inefficient and many cell types also secrete large forms of TGF cx in varying proportions.30 Some of these larger species correspond to the extracellular domain of pro TGF cx, which has been heterogeneously glycosilated through the addition of both N and 0 linked carbohydrate.31 33 In this study we provide evidence of TGF ac presence in normal rat colon. Its different subcellular distribution, depending on the type of cell, could be explained by distinct processing pathways, somewhat similar to those found in neoplastic cells.
In summary, we report here for the first time, the identification of TGF cx at ultrastructural level in normal rat colon, where it did not act as a transforming factor. The subcellular localisation of TGF cx in neoplastic tissues and its comparison with the distribution in normal tissues need to be considered to identify distinct secretion mechanisms of TGF cx and therefore its different effects in proliferation and differentiation. This work was supported by the grant SAL 90-0320 from the 'Direcci6n General de Investigaci6n Cientifica y Tecnica'. Carmen Diaz is recipient of a FPI fellowship from the 'Ministerio de Educaci6n y Ciencia'. We gratefully acknowledge the excellent technical assistance of Alumudena Garcia, Eva Sanchez y Nuria Cortadellas.
